Pavement preservation is playing an increasingly significant role in 1 maintaining our aged pavement infrastructure under severe budget constraints. One 2 important component is the use of surface treatments based on application of sealants. 3 Recently, a number of new products, called bio sealants, have been used to treat aging 4 pavement surfaces. The objective of this study is to investigate rheological properties 5 of the binders treated with these materials to understand the mechanism by which they 6 may improve pavement performance. One plain asphalt binder and four types of 7 sealants, two oil-based sealants, one water-based sealant and one traditional emulsion 8 were used in the experimental work. The results obtained using a dynamic shear 9 rheometer and a bending beam rheometer were used to determine the changes in 10 rheological properties and the change in performance grade. It was observed that the 11 oil-based sealants have a significant softening effect of the control binder compared to 12 the water-based sealants. The transverse cracking histories from field investigation 13 were used to verify the laboratory findings. 14 15
Many studies have been performed investigating the properties, effectiveness or 2 application process of sealants as a mean of pavement preservation or maintenance 3 program. Zubeck et al. (2012) found that crack sealing and patching represent the most 4 extensively used applications in pavement preservation treatments, followed by chip 5 seals, fog seals, and slurry seals (Zubeck et al. 2012) . Wood and Olson (2007) 6 presented a history of the chip seal program at Minnesota Department of 7 Transportation (MnDOT) that resulted in significant improvements and a successful 8 implementation (Wood and Olson 2007) . Simpson (2006) presented an overview of 9 the application of asphalt emulsion which includes the description of various 10 conventional sealants which are used in North America for pavement maintenance, 11 such as scrub seals, chip seals and slurry seals (Simpson 2006) . 12 Many studies investigated the use of sealant type materials to rejuvenate the surface of 13 asphalt pavements. In many publications, these materials are referred to as that adding a recycling agent (i.e., a rejuvenator) can be helpful to restore the 9 performance properties of recycled binder to offset the higher binder stiffness and 10 improve the mixture resistance to cracking when high RAP/RAS contents are used.
11
The diffusion and mixing of binders in a blend depends upon a few factors, including 12 compatibility of binders, temperature of mixing, performance grade of virgin and 13 recycled binder, and the percentage of recycled binder in the blended binder (Tran et   14 al. 2012). The hardness of the existing binder and the reaction between the binder and 15 rejuvenator are also important factors to determine the amount of rejuvenator to be 16 added to the mix (Ali and Sobhan 2012). Boyer (2000) concluded that it is better to 17 apply two or more low-rate applications of the emulsion to achieve the proper rate of 18 application than to make only on pass and have it be too heavy (Boyer 2000 Inc, 2010). In the article it is stated that RePlay can be considered as an environment 7 friendly surface sealant. In a study by Maine DOT it was concluded that Jointbond 8 was designed to minimize asphalt maintenance by penetrating newly placed asphalt 9 pavement and stabilizing the critical area surrounding longitudinal construction joint 10 (Gayne 2013). In a similar study conducted by University of Arkansas on HMA 11 longitudinal joint evaluation and construction, it was concluded that only the 12 Jointbond product, out of eight materials investigated, appeared to both increase 13 density and decrease permeability (Williams 2011). 14 However, no laboratory studies, investigating these newly introduced sealants, were 15 found in the literature. The aim of this study is to develop a laboratory procedure 16 which can mimic the application of these sealants in actual field conditions and to 17 analyze the influence of the sealants on the rheological properties of the binder to 18 better understand the mechanism by which these materials improve pavement 19 performance. A PG 58-28 asphalt binder was used in the experimental work, because this is the 7 typical binder used in the southern part of Minnesota. The sealants were applied to 8 both RTFOT and PAV aged binder using two procedures: simple mixing, and a 9 laboratory-developed brushing procedure using pipette. The later procedure is 10 mentioned as pipette procedure throughout the article. To simulate actual field 11 conditions in which the sealant is applied on the surface of the pavement, two 12 parameters are needed to match the laboratory application rate to the filed application 13 rate. The first one is the application rate used in the field, and the second one is the 14 penetration depth of the sealant into the asphalt layer. Based on the application rates 15 provided by MnDOT and penetration information from literature, the amount of seal 16 to be added to the asphalt binder for the mixing procedure was calculated to be 17 approximately 4% by binder weight (Ghosh et al. 2016 ). The pipette procedure only 18 needs the application rate to simulate the spraying application of the actual field. In the 19 calculation process, it was assumed that the asphalt mixture contained 5% binder (by 20 weight) and 95% aggregates. The bulk density of aggregates was assumed to be 21 2400kg/m 3 . A flow chart of the testing plan of the study is presented in Figure 1 . In the simple mixing procedure, first the binder was heated to 150°C followed by an 5 addition of sealant, 4% by weight ( Figure 2 ). The sealant was then mixed with the 6 heated binder using a glass rod for 2 minutes. Although in this procedure the exact 7 amount of the sealant is applied, it does not simulate actual field conditions. A second 8 procedure, that closely simulates the spraying application process in the field, was 9 developed after a number of trials based on a pipette procedure ( Figure 3 ). In this 10 procedure, the sealant is applied with a measuring pipette to control the number of 11 drops and then spread on the surface of the DSR and BBR specimens using a plastic 12 non-absorbent strip. The number of drops to be applied was calculated from the D r a f t Figure 9 shows The most significant reduction in creep stiffness is again observed for OB1 and OB2 5 and the simple mixing procedure. This change is accompanied, as expected by a 6 significant increase in m-value. It is however noted that for the pipette procedure the changes are much less pronounced for both S and m-value. It is also interesting to 1 observe the increase in stiffness achieved by the application of the emulsion, without a 2 major decrease in m-value. 3 The performance grade (PG) of the virgin and blended binders was determined in 4 accordance with AASHTO M320 (AASHTO 2016). The results are shown in Table 2 . 5 To better evaluate the changes produced by the application of sealants, the exact 6 temperature values for the high and low failure criteria were tabulated rather than the 7 specification temperatures. 8 The pipette procedure appears to be a much better indicator of the effect of the sealant 3 application in field conditions. The changes are consistent with the mild softening 4 effects observed in sealant applications in the field (Figure 12) . The transverse 5 cracking histories from field investigation verified the softening effect of oil-based 6 sealants OB1 and OB2 and stiffening effect of water-based WB1 and traditional 7 emulsion E1( Figure 10 ). This is a part of the field performance testing and monitoring, D r a f t Ghosh, Turos, Johnson, Marasteanu 21 oxidation process, however, the pavement condition and the application rate need to 1 be considered as important factors. 2 It is found that the simple mixing procedure produces unrealistic results, with 3 significant softening of the treated aged binders, especially at high temperature. The 4 pipette procedure appears to produce more realistic results, more consistent with field 5 observations. The largest softening effect is noticed on the aged binder treated with 6 oil-based OB1 and OB2, whereas stiffening effect was noticed when treated with the 7 water-based WB1 and traditional emulsion E1. It is also observed that storage time 8 may affect the softening effect at high temperature; it is not clear what the mechanism 9 responsible for this effect is and further investigation is needed. Work is in progress to 10 quantify the effects of sealant application on asphalt mixture rheological properties 11 using BBR testing on mixture beams and FTIR analysis. 
